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In a recent Letter H], Hahn et al. reported on the detection of an ac voltage in an yt-
trium iron garnet (YIG)/platinum (Pt) bilayer under the condition of parametrically excited
resonance. The authors observe an ac voltage at the frequency of the magnetization pre-
cession which is half the frequency of the microwave excitation. As argued by the authors,
this parametric excitation scheme allows them to exclude direct microwave crosstalk as the
origin of the ac voltage. However, the authors do not address the possibility of an inductive
origin for the observed ac voltage Vigug(ac). In ferromagnetic resonance, an inductive sig-
nal at the magnetization precession frequency arises as a consequence of Faraday’s law and
is routinely exploited in, e.g., stripline or vector-network-analyzer ferromagnetic-resonance
experiments B]) Such an inductive signal stems from the threading of the time-varying
magnetic flux originating in the YIG film around the Pt stripe.

According to Faraday’s law, time-varying flux ® causes an inductive voltage Vi,q =

—d®/dt. From reciprocity, the net flux ® generated by a magnetic solid of volume V' and

magnetization M that threads an electrical circuit is given by

o= ,uo/vh(r)-M(r)dr?’, (1)

where o is the vacuum permeability, h(r) = H(r,1)/I and H(r,I) is the Oersted field
generated in the magnetic solid when a current I flows in the electrical circuit. As detailed
in Ref. [3], we approximate H with the Karlqvist equations for an Oersted field in close
proximity of a uniform current sheet [4]. Using the coordinate system from Ref. [1], Vinq
along z in the ac inverse spin Hall effect (iISHE) measurement configuration as shown in
Fig. 4(b) in Ref. H] then follows as
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where L is the length of the sample exposed to the rf magnetic field, dyiq is the YIG
thickness and M, is the dynamic in-plane component of the magnetization. The last term
in Eq. (@) accounts for losses due to the non-zero dc resistance Rpc of the Pt film [3]. Zj is
the impedance of the measurement circuit. M, is orthogonal to the in-plane magnetization
equilibrium orientation parallel to the z-axis. Note that M, is responsible for both inductive
and potential ac iISHE signals in the geometry used in Ref. [1]. Both ac voltages are at the
same frequency and are generated along the z direction under the same resonance condition.

Thus, inductive and ac iSHE signals have identical experimental signatures. The nature of



the excitation (direct or parametric) is not relevant for the observation of inductive signals

according to Eq. ([2).

To estimate the expected inductive signal, we use the parameters given in Ref. B] for
the ¢y = 10° configuration: Mg = 139kA/m, L = 500 um, dyig = 200nm, Z, = 502,
Rpec =129Q, w/(27) = f,/2 = 0.546 GHz and precession cone angle © = 5.1°. Assuming
circular precession for simplicity, we find M,(t) = M;sin© cos © cos(wt). Eq. () thus

evaluates to an ac voltage with peak magnitude V0, ~ 1mV.

This voltage is two orders of magnitude larger than the voltage Vigyg(ac) = 6.2uV
observed in ﬂ] for ¢ = 10°. We note that the experimental configuration utilized in Ref. |1,
whereby voltage leads are used to couple microwaves out of the Pt stripe, is not conducive to
quantitative analysis, given the extremely poor nature of the impedance-matching expected
for the described geometry. While poor impedance-matching could thus explain why the
authors of Ref. [1] measure only such a small voltage, it appears that an inductive signal
should overwhelm any possible ac iSHE contributions for their sample. We note that the
authors of Ref. [1] repeated their experiment using a YIG/aluminum (Al) bilayer that should
show no ac iSHE signal. While no signal was detected, in accordance with the notion that
such experiments are sensitive only to the ac iISHE, such a control test cannot be construed
as proof that an inductive signal is absent: any number of experimental artifacts stemming
from the poor impedance-matching associated with the experimental geometry, and any
reproducibility issues that can arise from such poor microwave coupling or differences in the

parametric thresholds among samples, may have resulted in this null result.

It is our conclusion that conclusive evidence for detection of ac spin pumping via the iSHE
requires substantial additional support, including determination of the parametric excitation
threshold as a function of dc magnetic field, an analysis that includes the possibility of
spin-wave generation, a more extensive determination of the impedance mismatch, and a

theoretical analysis that considers the magnitude of the inductive signal.
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